Introduction
============

Cataract is defined as the opacification of the eye's natural lens and can develop in a few months or take several years ([@ref-1]; [@ref-9]). Global data on visual impairment attributes 51% of blindness in the world to cataract affecting approximately 18 million people worldwide ([@ref-22]; [@ref-39]; [@ref-28]). In the Caribbean, non-operated cataract is the most prevalent cause of blindness ([@ref-37]). According to the Barbados Eye Studies, visual impairment occurs in 12% of the people 40--84 years old and 3% suffer from severe visual impairment. Furthermore, age-related cataract alongside open-angle glaucoma (OAG) accounts for 73.2% of blindness, with two-thirds of low vision (visual acuity from \<6/18 to \<6/120) being attributed to cataract ([@ref-27]). Approximately 70% of eye surgeries in Trinidad and Tobago are for the removal of cataracts with 2,500 cataract extractions and presentation of 3,000 new cases annually at the public hospitals ([@ref-6]). The risk factors for cataract development include gender, diabetes mellitus, exposure to excessive sunlight, life style, eye injury and use of steroids ([@ref-42]). Data from twin genetic studies estimate a heritability between 48% and 59% of age-related cataract ([@ref-15]; [@ref-14]).

The Ophthalmology Clinic at the Sangre Grande (SG) Hospital is administrated and managed by the Eastern Regional Health Authority (ERHA) of Trinidad and Tobago. The ERHA provides healthcare for the catchment population of approximately 120,000 from Matelot in the north to Guayaguayere, Rio Claro and Brothers Road in the South to Valencia in the east. Cataract surgical services offered by the Ophthalmology Clinic began in March 2009 and are done as outpatient surgeries. The clinic is a referral centre and cataract patients are routinely given an appointment date that is 6 months from the time they come in with their referral. Those who suffer from complications such as glaucoma and diabetic retinopathy (DR) are given priority. This results in some patients being on the waiting list for at least 2 years.

The outcomes of cataract surgery can be measured using an objective clinical indicator such as visual acuity (VA) and/or subjective indicators such as quality of life (QOL) and visual functioning (VF) instruments. This paper uses VA to measure the outcomes of cataract surgery at SG Hospital. In its guidelines, the World Health Organisation (WHO) recommends that all patients undergoing cataract surgery should have VA measured in each eye preoperatively, and anytime between discharge and 12 weeks ([@ref-44]). The objective of this paper is to evaluate the visual outcomes at the SG Hospital and to investigate factors associated with borderline and poor outcomes. These indentified factors can possibly lead to the establishment of a framework for improving the outcomes of cataract surgery.

Materials and Methods
=====================

This was a hospital-based, retrospective study on patients who had undergone cataract surgery, unilateral or bilateral, at the Sangre Grande Hospital of the ERHA from March 2009 to September 2014. The main types of cataract surgery done at SG Hospital are phacoemulsification (Phaco) and extracapsular cataract extraction (ECCE) which are both conducted with intraocular lens (IOL) insertion. There were a total of 1,100 cataract surgeries that had taken place at SG Hospital during this time period. Patients were selected randomly from the database maintained by the Medical Records Unit and their medical files were reviewed if physically available at the time of the study. This led to a selection of 277 patients with unilateral and 124 patients with bilateral cataract surgery. Around 1% of the surgeries performed were Small Incision Cataract surgery (SICS) and these cases were excluded from univariate and multivariate analyses because of their low number. To avoid duplication of patient's information in cases of bilateral cataract surgery, a random number table was used to select which eye would be included in the regression analysis. This led to the selection of 401 patients aged 18--100 as the sample for the study.

Explanatory variables
---------------------

The following variables were recorded from their files: demographic variables such as sex, date of birth, age, marital status, occupation, residence; other variables such as year of first visit to the clinic, referral source, and time between visit to clinic and cataract surgery; ocular findings such as first measurement of VA, post-operative (presenting) VA and intraocular pressure (IOP); ocular co-morbidities including glaucoma, DR and age-related macular degeneration (ARMD); presence of co-incident diseases such as diabetes mellitus, hypertension, cardiovascular disease and high cholesterol; and, variables on surgical history such as surgical procedure used, and previous surgeries, if any.

Statistical technique
---------------------

The outcome variable of interest was Snellen's post-operative VA measured at the follow up starting from at least 3 months after surgery. This variable was transformed into a dichotomous variable (Good and Poor) based on the measurements of post-operative VA with borderline and poor outcomes grouped as poor. Univariate logistic regression analysis was conducted to explore the association of the co-variates and the dependent variable. The variables that were moderately significant (\<0.10) were then included in forward step-wise multivariate logistic regression. MS Excel, R and IBM SPSS 20.0 statistical packages were used for data management and analyses.

Ethical approval
----------------

The University of the West Indies (UWI) St. Augustine Campus Ethics Committee provided the written approval by letter dated 22 January, 2015 and the Research Ethics Committee of the ERHA provided written ethical approval through letter reference PHO:04/15 dated 25 February 2015.

Results
=======

Comparison of visual acuity pre and post cataract surgery for data on 525 eyes of 401 patients is graphically presented in [Fig. 1](#fig-1){ref-type="fig"}. Upon first visit to the clinic, preoperative VA showed that 114 eyes (22%) had good VA, 140 eyes (27%) had borderline VA and 271 eyes (51%) had poor VA. Post-operative cataract VA resulted in 350 eyes (67%) having good VA, 110 eyes (21%) borderline VA and 65 eyes (12%) poor VA. This shows that visual acuity improved in 326 eyes (62%), but worsened in 33 eyes (6%) with no change in 166 eyes (32%).

![Visual acuity categories before and after cataract surgery.](peerj-03-1222-g001){#fig-1}

Socio-demographic characteristics
---------------------------------

The number, frequency and univariate analyses of socio-demographic characteristics of the sample population are given in [Table 1](#table-1){ref-type="table"}. The sample of 401 adults consisted of 200 (49.9%) men and 201 (50.1%) women, who had undergone cataract surgery in one (277 subjects) or both eyes (124 subjects). The age at surgery ranged from 23 to 98 years (mean 68.1 ± 12.1 years). The age at surgery was calculated from having recorded the date of birth and date of surgery for all subjects. Most patients were within the 51--80 age group (76.8%). One hundred and sixty-four (40.9%) patients were retired. The patients mainly resided in areas that are administered by ERHA with 246 (61.3%) patients living in areas including Sangre Grande, Manzanilla and Toco. Referral sources came largely from health centres within the ERHA (34.4%) and optical centres such as Ferreira Ltd and Dalton Brown & Long (31.1%). The odds of having a poor outcome were increased by being male (OR = 1.37, 95% CI \[0.91--2.08\]); retired (OR = 1.41, 95% CI \[0.85--2.34\]), unemployed or on disability allowance (OR = 2.58, 95% CI \[0.87--7.67\]). However, only the variable year of first visit to clinic (OR = 1.85, 95% CI \[1.07--3.20\]) was statistically significant at *p* \< 0.05 level.
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###### Univariate analyses of socio-demographic factors of patients based on visual outcomes after cataract surgery.
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                                                  Visual outcome                                                        
  ----------------------------------------------- ---------------- --------------- --------------- -------------------- -----------------------------------------
  Age, years                                      67.70 ± 11.43    68.82 ± 13.28   68.01 ± 12.09   1.008 (0.99--1.03)   0.378
  Age group, years                                                                                                      
  ≤50                                             20 (7.6)         13 (9.4)        33              1                    
  51--80                                          208 (79.1)       100 (72.5)      308             0.74 (0.35--1.55)    0.423
  \>80                                            35 (13.3)        25 (18.1)       60              1.10 (0.46--2.61)    0.831
  Sex                                                                                                                   
  Female                                          139 (52.9)       62 (44.9)       201             1                    
  Male                                            124 (47.1)       76 (55.1)       200             1.37 (0.91--2.08)    0.132
  Marital status                                                                                                        
  Married                                         125 (47.5)       54 (39.1)       179             1                    0.175
  Unmarried                                       127 (48.3)       80 (38.6)       207             1.46 (0.95--2.23)    0.082
  Not stated                                      11 (4.2)         4 (2.9)         15              0.84 (0.26--2.76)    0.776
  Year of first visit to clinic                                                                                         
  2009--2013                                      229 (87.4)       109 (79.0)      338             1                    
  2005--2008                                      33 (12.6)        29 (21.0)       62              1.85 (1.07--3.20)    0.028[^\*^](#table-1fn1){ref-type="fn"}
  Time between first visit and operation, years   1.55 ± 1.48      1.71 ± 1.49     1.60 ± 1.47     1.08 (0.79--1.48)    0.638
  Time between first visit and operation, years                                                                         
  \<= 2                                           188 (71.5)       90 (71.5)       278             1                    
  \>2                                             75 (28.5)        48 (34.8)       123             1.34 (0.86--2.08)    0.197
  Residence                                                                                                             
  ERHA areas                                      165 (62.7)       81 (58.7)       246             1                    
  Other                                           98 (37.3)        57 (41.3)       155             1.19 (0.78--1.81)    0.430
  Occupation                                                                                                            
  Employed                                        79 (30.0)        35 (25.4)       114             1                    
  Retired                                         101 (38.4)       63 (45.7)       164             1.41 (0.85--2.34)    0.186
  Unemployed/disability allowance                 7 (2.7)          8 (5.8)         15              2.58 (0.87--7.67)    0.088
  Not stated                                      76 (28.9)        32 (23.2)       108             0.95 (0.54--1.69)    0.862
  Referral sources                                                                                                      
  ERHA                                            90 (34.2)        48 (34.8)       138             1                    
  Optical                                         84 (31.9)        41 (29.7)       125             0.92 (0.55--1.53)    0.734
  Other                                           69 (26.2)        38 (27.5)       107             1.03 (0.61--1.75)    0.905
  Not stated                                      20 (7.6)         11 (8.0)        31              1.03 (0.46--2.33)    0.941

**Notes.**

*p* ≤ 0.05.

Medical and surgical history
----------------------------

An examination of medical history shows that diabetes mellitus was present in 41% (*n* = 163), while hypertension was present in 45% (*n* = 182) of the patients. There were more women than men who had diabetes mellitus and hypertension. Patients were also suffering from cardiovascular disease (9%) and high cholesterol (11%). Ocular co-morbidity was present in 32% (*n* = 128) of the patients. Distribution and the results of univariate analyses of each variable are presented in [Table 2](#table-2){ref-type="table"}.
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###### Univariate analyses of clinical and surgical factors of patients based on visual outcome after cataract surgery.

![](peerj-03-1222-g003)

                                                         Visual outcome                                          
  ------------------------------------------------------ ---------------- ------------ ----- ------------------- -------------------------------------------
  Preoperative VA                                                                                                
  Poor                                                   122 (46.4)       88 (63.8)    210   1                   
  Good                                                   66 (25.1)        20 (14.5)    86    0.42 (0.24--0.74)   0.003[^\*\*^](#table-2fn2){ref-type="fn"}
  Borderline                                             75 (28.5)        30 (21.7)    105   0.56 (0.34--0.92)   0.022[^\*^](#table-2fn1){ref-type="fn"}
  Ocular Co-Morbidity[^a^](#table-2fn3){ref-type="fn"}                                                           
  Absent                                                 195 (74.1)       79 (57.2)    274   1                   --
  Present                                                68 (25.9)        59 (42.8)    127   2.14 (1.39--3.31)   0.001[^\*\*^](#table-2fn2){ref-type="fn"}
  Diabetes                                                                                                       
  Absent                                                 164 (62.4)       74 (53.6)    238   1                   --
  Present                                                99 (37.6)        64 (46.4)    163   1.43 (0.94--2.18)   0.091
  Hypertension                                                                                                   
  Absent                                                 134 (51.0)       85 (61.6)    219   1                   --
  Present                                                129 (49.0)       53 (38.4)    182   0.65 (0.43--0.99)   0.043[^\*^](#table-2fn1){ref-type="fn"}
  Cardiovascular disease                                                                                         
  Absent                                                 236 (89.7)       127 (92.0)   363   1                   --
  Present                                                27 (10.3)        11 (8.0)     38    0.76 (0.36--1.58)   0.457
  High cholesterol                                                                                               
  Absent                                                 236 (89.7)       119 (86.2)   355   1                   --
  Present                                                27 (10.3)        19 (13.8)    46    1.40 (0.75--2.61)   0.297
  Intraocular pressure                                                                                           
  Normal                                                 238 (90.8)       112 (81.2)   350   1                   --
  High                                                   24 (9.2)         26 (18.8)    50    2.30 (1.27--4.19)   0.006[^\*\*^](#table-2fn2){ref-type="fn"}
  Eye surgery done on                                                                                            
  Right                                                  146 (55.5)       73 (52.9)    219   1                   --
  Left                                                   117 (44.5)       65 (47.1)    182   1.11 (0.74--1.68)   0.617
  Surgical procedure                                                                                             
  PHACO                                                  158 (60.3)       64 (47.1)    222   1                   --
  ECCE                                                   104 (39.7)       72 (52.9)    176   1.71 (1.13--2.60)   0.012[^\*^](#table-2fn1){ref-type="fn"}
  Other eye surgeries                                                                                            
  No                                                     249 (94.7)       120 (87.0)   369   1                   --
  Yes[^b^](#table-2fn4){ref-type="fn"}                   14 (5.3)         18 (13.0)    32    2.67 (1.28--5.55)   0.009[^\*\*^](#table-2fn2){ref-type="fn"}

**Notes.**

*p* ≤ 0.05.

*p* \< 0.01.

includes mainly glaucoma, diabetic retinopathy, age related macular degeneration and uveitis.

includes anterior vitrectomy, trabeculectomy and pterygium.

Univariate logistic regression found the following six clinical variables statistically significant (*p* \< 0.05): good pre-operative VA (OR = 0.42, 95% CI \[0.24--0.74\]), borderline pre-operative VA (OR = 0.56, 95% CI \[0.34--0.92\]), ocular co-morbidity (OR = 2.14, 95% CI \[1.39--3.31\]), hypertension (OR = 0.65, 95% CI \[0.43--0.99\]), intraocular pressure (OR = 2.30, 95% CI \[1.27--4.19\]), surgical procedure (OR = 1.71, 95% CI \[1.13--2.60\]) and other eye surgeries excluding cataract (OR = 2.67, 95% CI \[1.28--5.55\]). The odds of having poor outcome increased with diabetes mellitus (OR = 1.43, 95% CI \[0.94--2.18\]); high cholesterol (OR = 1.40, 95% CI \[0.75--2.61\]); and having cataract surgery on the left eye (OR = 1.11, 95% CI \[0.74--1.68\]). However, these were statistically non-significant in our analyses. Surgical technique used was statistcally significant with Phacoemulsification being better than ECCE (OR = 1.71, 95% CI \[1.13--2.60\]).

Multivariate analyses
---------------------

Multivariate logistic regression showed that other eye surgeries and intraocular pressure did not add significantly to the model. [Table 3](#table-3){ref-type="table"} shows the variables of the fitted model with their *p*-values, odds ratios and 95% confidence intervals. The fitted model shows that there is an inverse relationship of poor outcomes with hypertension, good and borderline preoperative VA. The odds of having a poor outcome for those with hypertension was 40% less (OR = 0.60, 95% CI \[0.38--0.94\]) than those with no hypertension. The odds of having a poor outcome were reduced by 61% in those with good preoperative VA (OR = 0.39, 95% CI \[0.21--0.72\]) and by 51% in those with borderline preoperative VA (OR = 0.49, 95% CI \[0.28-- 0.86\]) when compared to those measured with poor preoperative VA. On the other hand, there is a positive relationship of poor outcomes with ocular co-morbidity, surgical procedure and the year the patient first visited the clinic. Those with an ocular co-morbidity have two-fold increased odds of a poor outcome compared with those with no ocular co-morbidity present (OR = 2.13, 95% CI \[1.36--3.42\]); year of first visit to the clinic prior to 2009 resulted in twice the odds of a poor outcome compared with those who first visited from 2009 till 2014 (OR = 2.24, 95% CI \[1.20--4.10\]); and, the odds of a poor outcome were increased by 56% for those patients whose surgical procedure was ECCE (OR = 1.56, 95% CI \[1.01--2.45\]).
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###### Multivariate analyses of factors affecting visual outcome after cataract surgery.

![](peerj-03-1222-g004)

  Variables                    Coff (*β*)   OR & 95% CI for OR    *p*-value
  ---------------------------- ------------ --------------------- -------------------------------------------
  Hypertension                 −0.52        0.60 (0.38--0.94)     0.022[^\*^](#table-3fn1){ref-type="fn"}
  Ocular co-morbidity          0.76         2.133 (1.36--3.42)    0.001[^\*\*^](#table-3fn2){ref-type="fn"}
  Good preoperative VA         −0.95        0.388 (0.21--0.72)    0.002[^\*\*^](#table-3fn2){ref-type="fn"}
  Borderline preoperative VA   −0.72        0.485 (0.28--0.86)    0.010[^\*^](#table-3fn1){ref-type="fn"}
  Year of first visit          0.81         2.243 (1.20--4.10)    0.010[^\*^](#table-3fn1){ref-type="fn"}
  Surgical procedure           0.45         1.560 (1.013--2.45)   0.048[^\*^](#table-3fn1){ref-type="fn"}
  Constant                     −0.66        0.52                  0.002[^\*\*^](#table-3fn2){ref-type="fn"}

**Notes.**

*p* ≤ 0.05.

*p* \< 0.01.

Discussion
==========

The WHO recommends that a clinical audit record be maintained for all cases of cataract surgery. It mandates that with available correction, acceptable visual outcomes post cataract surgery are good outcome (6/18 or better) in \>80% of cases, borderline outcome (\<6/18 to 6/60) in \<15%, and poor outcome (\<6/60) in \<5% of cases ([@ref-38]).

Our data set did not meet these criterias with the figures falling short in each of the categories. The results from population-based surveys elsewhere have shown that 40% or greater of postoperative eyes have a presenting VA of worse than 6/18 ([@ref-7]; [@ref-18]; [@ref-33]). In this study, the corresponding percentage was just under 34% which is still significantly high when compared to the benchmark of less than 20% recommended by [@ref-44]. It is important that both awareness and facilities are upgraded for the required population.

This study identifies factors that are associated with borderline and poor outcomes of cataract surgery performed at SG Hospital in Trinidad and Tobago. While there is little availability of literature concerning studies done locally or in the Caribbean region, the results of this study are comparable with that of previous international studies ([@ref-8]; [@ref-36]). Some studies ([@ref-12]; [@ref-36]) use the best corrected visual outcome (BCVA) when assessing visual outcomes but this study used post-operative (presenting) VA since BCVA was not available for all patients. This does not nullify the results of the study as "it is the presenting vision that represents the actual circumstances under which people function in day-to-day activities" ([@ref-26]).

Demographic factors such as age, sex and place of residence are not significant factors in this study. Age has been identified as significantly associated with poorer visual outcomes ([@ref-36]), with patients aged 90 years and over having four times the risk of poor visual outcomes when compared to those aged 50 to 59 years ([@ref-8]). There are equal number of males and females in our sample for this study and males have higher odds of poor outcomes when compared to females. However, results from a Pakistan survey and a study from Rajasthan in India show that females are associated with poor outcomes ([@ref-4]; [@ref-33]). Place of residence has limited effect on visual outcomes. Some studies report poor outcomes among rural patients ([@ref-7]), while others ascribe no significant association ([@ref-34]). Comparison of places of residences (rural to urban) was beyond the scope of this study as it was hospital-based. For this study, those who did not reside in ERHA regions had increased odds of poor outcomes. It is notable that most patients appeared to wait until vision was very poor before visiting the clinic. One plausible reason could be that due to the slow, progressive decline in vision that characterizes the development of cataracts, patients are not aware earlier of the decrease in visual function ([@ref-2]). There is no supporting literature to explain why the odds of a poor outcome increased if the patient first visited the clinic prior to 2009. The only plausible explanation is that those who first visited the clinic prior to the opening of the Ophthalmology Clinic in 2009 are more likely to have had a longer waiting period for cataract surgery. This longer waiting period could possibly have led to higher risks for development of further complications, worsening of symptoms or poor prognosis and outcome following surgery ([@ref-13]; [@ref-32]).

The presence of an ocular co-morbidity increases the likelihood of a poor outcome by at least two-fold. This is consistent with the results of previous studies ([@ref-8]; [@ref-23]; [@ref-36]) and is seen as a frequent reason for poor self-assessed outcomes of cataract extraction ([@ref-30]; [@ref-40]). However, there is no consensus on a proven association between cataract surgery and ocular diseases such as glaucoma ([@ref-3]; [@ref-17]; [@ref-19]; [@ref-24]), DR ([@ref-45]; [@ref-21]; [@ref-20]) and ARMD ([@ref-2]; [@ref-5]; [@ref-43]).

Despite the association between ocular co-morbidity and cataract surgery, [@ref-29] state that it is not a contraindication for cataract surgery. Analyses of systemic co-morbidities such as diabetes mellitus, hypertension, cardiovascular disease and high cholesterol revealed that only hypertension is significantly associated with poor visual outcomes. Several studies identify diabetes mellitus as a risk factor for cataract ([@ref-16]; [@ref-27]). Although diabetes mellitus is not significantly associated with poor outcomes in this study, univariate analyses showed evidence that the odds of poor outcome are increased on having diabetes mellitus. Cardiovascular disease is shown not to be significantly associated with poor outcomes in this study. This is supported by [@ref-41] though other studies support the association of the cardiovascular disease and cataract ([@ref-11]). Hypertension was inversely related to poor visual outcomes as higher levels reduced the risk of poor visual outcomes when compared to those with no hypertension. There is little literature to explain what leads hypertension to be associated with cataract but [@ref-25] in their study imply that hypertension gives rise to conformational changes in the lens capsule.

Phacoemulsification, a procedure developed by Charles D. Kelman ([@ref-10]), is the preferred surgical procedure while ECCE is performed depending on the condition of the anterior chamber, iris, and lens ([@ref-29]). Phacoemulsification requires a smaller incision and is suture-less which can lead to significant reduction in surgically-induced astigmatism ([@ref-23]). In this study, the odds of a poor outcome are increased when the surgical procedure was ECCE which is consistent with previous studies ([@ref-8]; [@ref-31]).

The study shows that the odds of a poor outcome increase from borderline to poor preoperative VA. This is consistent with the International Cataract Surgery Outcomes Study, where poor preoperative VA is highlighted as one of the predictors of a poor visual outcome ([@ref-35]).

There are several limitations in this study. Firstly, this is a retrospective hospital-based study. Secondly, BCVA measurements were not recorded in the data readily available in the medical records. Despite these limitations, it is believed that this study adequately identifies factors that are associated with borderline and poor visual outcomes of cataract surgery.

Conclusion
==========

This study identifies the factors that significantly affect visual outcomes such as surgical procedure, preoperative VA, hypertension and ocular co-morbidities. It is recommended that the phacoemulsification technique be increasingly utilized due to evidence for better cataract surgery outcomes when compared to ECCE. There is also a need for community-based outreach to increase awareness of the importance of eye health. Other recommendations include implementing the use of a quality of life (QOL) instrument to assess outcomes of cataract surgery alongside the clinical indicator of visual acuity. It is also recommended that all attempts are made to ensure that the medical records of patients are complete and thorough as much as possible.
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